Structural equation models can be used to systematically develop and test theories in the social and behavioral sciences (Mulaik, 1987 , in this issue). Each equation in the model represents hypothesized causal links and not just empirical associations. In many situations involving measurement error, simultaneous causation, and the omission of important explanatory variables, regression parameters fail to provide the relevant information (Goldberger, 1972) . Recent advances in computer technology have permitted the development of statistical techniques that can be used to construct and test complex structural equation models that represent social and behavioral processes (Heise & Simmons, 1985) . These procedures provide social scientists with powerful methodological tools that permit them to bridge the gap between theory and research.
The purpose of this article is to demonstrate how structural equation modeling can be used to translate a verbal theory into a mathematical model that can be estimated, tested, and from which inferences can be drawn (Anderson, 1973 ). Data will be used from a previous study of the effects of family socialization on the formation of achievement values and self-concept and their effects on school achievement.
Model Construction
The construction of a structural model begins with a statement of a verbal theory that makes explicit the relations hypothesized among a set of variables as well as the causal sequence thought to exist among them. For example, based on the results of a number of earlier studies, it was hypothesized that differences in family socialization practices would largely account for differences between Mexican-and Anglo-American junior high school students in achievement values, self-concept, and achievement (Brookover & Thomas, 1964; Coopersmith, 1967) .
Data
In order to test these hypotheses, 126 junior high school students in Las Cruces, New Mexico, were asked to complete a questionnaire designed to measure parental socialization practices, achievement values, and self-concept of ability. At the same time, family interviews were conducted to determine ethnic background and the educational and occupational levels of the parents. Sixtynine percent of the students were MexicanAmerican. Scores on the Iowa Test of Basic Skills were obtained from the schools for each student for 2 consecutive years. 
Scales and Indices
Family socialization practices.--Independence training was measured by a set of questions developed by Elder (1965) in a large-scale national study of adolescent achievement and mobility aspirations. The questionnaire items and the weights assigned by Elder in his study were found to form a Guttman scale with a high coefficient of reproducibility.
The questionnaire also included a set of items concerning parent achievement training practices. A principal components analysis indicated that the items loaded on four separate factors. These were parental emphasis on academic achievement, assistance with schoolwork, emphasis on finishing high school, and emphasis on attending college. The short regression method was used to compute factor scores (Harmon, 1967, pp. 362-369) . Only the first factor was used in this analysis.
Achievement values.-Achievement-value orientations generally include three sets of values: activistic-passivistic orientation, individualistic-collectivistic orientation, and present-future orientation (Rosen, Crockett, & Nunn, 1969) . These value orientations result from complex verbal interactions that occur in the cultural setting of the home. They are influenced by the pattern of language and ideas to which the child is exposed. Moreover, studies have shown that individuals who have high achievement values are more likely to assume personal responsibility for success and to persist at tasks longer than individuals with low achievement values.
The questions used to assess student value orientations were found to load on four underlying dimensions: fatalism versus a more active orientation toward life in general, occupational primacy, the efficacy of planning for the future, and a striving or achieving orientation. Again, factor scores were computed for each component. The first factor, fatalism versus activism, was used in this study as a measure of student achievement values.
Self-concept of ability.-Studies have
shown that students who have a high selfconcept of ability set higher standards for themselves and come closer to achieving these standards than students with a low selfconcept. Moreover, self-concept has been found to be highly related to the type of control exercised by parents (Coopersmith, 1967) . Five questions were included on the questionnaire to assess students' perceptions of their ability to succeed in school. These items all loaded on a common factor, so a single factor score was used as a measure of selfconcept of ability.
Achievement.-The composite score from the Iowa Test of Basic Skills was used as a measure of achievement for this investigation. A detailed account of the population, sampling technique, and scale construction can be found in Anderson and Johnson (1971) . The intercorrelation matrix for a sample of 102 students for which complete data were available is shown in Table 1 .
Specification
In the initial investigation, the results of analyses of variance confirmed the hypothesized differences between the two ethnic groups. Moreover, regression analyses indicated that parental socialization practices, student achievement values, and self-concept were significant predictors of academic achievement (Evans & Anderson, 1973 In an earlier analysis, separate path analyses were performed on the data from Angloand Mexican-Americans (Anderson & Evans, 1976) . These results suggest that the two samples can be combined for analytical purposes. Consequently, a dummy variable was introduced into the model to differentiate between the two ethnic groups. The inclusion of this variable in a structural equation allows for mean differences between the two groups of students on the endogenous variable. At the same time, it is assumed that the sign and magnitude of the effects of other variables on the endogenous variable are the same for both groups.
Multiple sample tests could also be performed on the model to compare the two groups of students (Connell, 1987 , in this issue). This analysis can be used to test the equality of the two covariance or correlation matrices of the observed variables. One can also test the hypothesis that the structural relations are the same for both groups and that the means of the endogenous variables are the same for Anglo-and Mexican-American students. These tests were not performed in this instance because of the relatively small size of the separate samples.
Method Parameter Estimation
Maximum-likelihood estimates of the parameters of the models were generated with the LISREL VI computer program (Joreskog & S6rbom, 1984). This is the most widely avail- For large samples, approximate confidence limits for parameter estimates and a measure of goodness of fit based on the likelihood ratio can be computed. Tanaka (1987, in this issue) reviews the evidence concerning the robustness of parameter estimates in structural equation models against sample size. These studies suggest that a sample size of 100 is a lower bound for maximumlikelihood estimates in order to calculate confidence limits. Therefore, based on this rule of thumb, the present sample would be considered to be on the small side, particularly when latent variables are included in the model. When observed data follow a multivariate normal distribution, the sampling distribution of parameter estimates is distributed normally and standard errors can be obtained. Therefore z tests can be performed to test the hypothesis that a parameter is equal to a specific value (usually zero).
Assessing Goodness of Fit
The squared multiple correlation coefficient is computed for each structural equation. These consist of the separate R2s for each of the equations in the model. It should be noted that these values may differ somewhat from the R2s obtained from standard regression programs, since the equations listed above do not include intercept terms that are commonly included in multiple regression models and are part of the output from the analysis. Also, a total coefficient of determination is computed for all the structural equations jointly. This statistic indicates the amount of variation in the endogenous variables jointly accounted for by the model. Another procedure has been developed by Bentler and Bonett (1980) and extended by Sobel and Bohrnstedt (1985) . They propose that in addition to the tests described above, the model or set of models be assessed by comparison to baseline models that reflect the state of prior theory and knowledge concerning the problem under investigation. Baseline models aid the assessment process by virtue of encouraging researchers to question what is known in an area of research before constructing and analyzing a structural equation model.
In general, the baseline or null model specifies that the variables are mutually inde-pendent and that certain variances and covariances are known. In this analysis, the baseline model is used to determine how much of the variance-covariance matrix among the observed variables can be reproduced solely by knowledge of the zero-order correlations among the exogenous variables and the unique variances of the endogenous variables. An incremental fit index can be used to determine the improvement in fit between two models vis-at-vis the baseline model and whether any meaningful information remains unexplained by the model. The index is given by: Akt = (fk -ft)lfo, where f is the fit function, in this study the chi-square distributed statistic generated by the LISREL program; fo is the fit function for a null or baseline model; fk and f, are the fit functions for nested models.
Structural Equation Models
This section of the article demonstrates how a number of alternative models can be estimated and tested. Several models will be presented largely for didactic purposes.
Recursive Model
The model depicted in Figure 1 In this type of model, we assume that the disturbances (i.e., all other sources of variation in an endogenous variable that are not included in the model) are uncorrelated with the explanatory variables in the equations. As a result, the disturbances are uncorrelated with one another, with one exception. It was hypothesized that the two types of socialization practices are relatively independent of one another. Consequently, it is necessary to test the hypothesis that the correlation between the residuals or disturbances for independence training and emphasis on achievement is zero. This hypothesis can be tested by fitting two models, one with correlated residuals and one without. Chi-square statistics for the two models can be compared using the incremental fit index described earlier. If the decrease in chi-square that indicates an improvement in the model's fit to the data is not significant, the hypothesis is accepted.
Several specifications of the model were examined. Mean differences between the two ethnic groups in family socialization practices were expected. Also, mean differences between male and female students on achievement values, self-concept, and achievement were hypothesized even when family socialization practices were taken into account. The fit of models containing these hypothesized causal effects was compared to the fit of models that assumed that these effects were nonsignificant. In no instance did the inclusion of these additional effects significantly improve the fit of the model to the data. Table 1 , this fit index was obtained by reanalyzing the intercorrelation matrix after the covariance matrix was analyzed. In general, all of these measures indicate a relatively good fit of the model to the data. They also indicate that only a marginal improvement could be obtained by augmenting it.
Nonrecursive Model
An alternative model can be postulated involving reciprocal causation between achievement and the student's self-concept of ability. Not only is it hypothesized that schoolrelated achievement will increase as students' self-confidence increases; it is also hypothesized that an increase in educational achievement will result in a corresponding increase in students' confidence in their ability to succeed at school-related tasks in the future. Figure 2 , is nonrecursive. An additional path has been added to account for the reciprocal effect between self-concept and achievement. Also, the structural disturbances for the two endogenous variables, -q5 and rq7, are correlated due to the reciprocal relationship between these two variables.
This model, shown in
Parameter estimates for the nonrecursive model are contained in Table 2 . The results permit us to evaluate the adequacy of the model. They also are an indication of the sensitivity of the previous results to a minor modification in the structural equations.
The maximum-likelihood estimates indicate that the hypothesized effect of achievement on self-concept is not significant. What is more, the inclusion of this path in the model appears to result in a large negative correlation between the residuals for these two equations, -0.47. In general, the other parameter estimates appear to be relatively stable and differ very little from those obtained from the recursive model. The goodness-of-fit measures also indicate little change in the model's fit to the data. On the whole, the recursive model appears to be preferable, since the coefficient for the effect of achievement on self-concept (-0.04) is neither meaningful nor statistically significant.
Longitudinal Model
The two previous models were used to infer a causal process from variation among students at a single point in time. For example, the second model postulated instantaneous feedback from achievement to selfconcept of ability, since the two variables were measured at the same time. While valuable insights can be gained from such analyses, the investigator must be cautious in drawing inferences about the direction of the effects (Gollob & Reichardt, 1987, 
in this issue).
A less ambiguous and more plausible hypothesis might be that a lag occurs between student performance and the realization that they are capable of achieving at higher levels. A test of this hypothesis requires a panel design where data are collected at more than one point in time on the same students. Such a design provides information about crosssectional as well as longitudinal variation in the variables of interest (Kessler & Greenberg, 1981). The most basic assumption of this model is that causality implies a time lag. In this type of analysis, the model will provide meaningful results when the measurement lag approximates the actual causal interval. Simulated data indicate that, in general, the model still provides meaningful data as long as the measured lag does not differ from the true lag by more than 5 periods (Pelz & Lew, 1970 ). The model shown in Figure 3 hypothesizes that family socialization will have its greatest impact on achievement at to and will continue to exert an effect on achievement at tl, albeit somewhat diminished in magnitude. Our primary interest is in the magnitude of the stability coefficient for the two achievement scores and in the lagged indirect effect of achievement at to on achievement at tl. While it is expected that the previous level of achievement will exert a strong direct effect on the current level, it is also hypothesized that part of this effect is indirect. Achievement levels at to will affect students' achievement values and self-concept at tl, which will in turn affect achievement at tl. Errors in the measurement of variables pose problems for the identification and estimation of parameters in panel models. The problem of identification is that of finding enough empirical information to uniquely estimate all the model's parameters. Generally, with panel models, there will be too many parameters to estimate unless prior restrictions are placed on the model. In the present model, the reliabilities and the errors are known for the two achievement measures. Thus, the loadings for the achievement scores (X33 and X77) were set equal to one and the measurement errors (033 and 077) for these two variables were set to 0.10. Also, the loading for achievement values (,64) was set equal to one to give the unobserved control variable ('96) a metric. Unless the scale of the latent variables has been established, there exists an indeterminacy between the variance of the latent variable and the loadings of the observed variables on that latent variable. These are unstandardized values and thus differ from the standardized values for these parameters reported in Table 2 .
A second problem is that the residuals may be correlated. First, there may be autocorrelation or correlations among the residuals of identical indicators measured at different times (e.g., achievement at to and ti). Second, there may be correlation between the residuals of different indicators measured at the same time (e.g., self-concept and achievement at tl). The model shown in Figure 4 allows for both types of correlation among the residuals of the observed endogenous variables. The parameter estimates indicated that the autocorrelation was not significant but that there was a significant correlation between the residuals for self-concept and achievement at t1. Maximum-likelihood estimates for the parameters of the latent-variable model are presented in Table 2 . The estimates are standardized. Loadings of the two observed variables on control, the latent variable, are significant. However, both measures have low estimated reliabilities, 0.30 and 0.15, respectively, within the context of the hypothesized model.
An examination of the estimates of the parameters of the structural equations pro-vides important new insights. With measurement error taken into account, several variables have much larger effects than the previous models indicated. Ethnicity has a large significant effect on the student's sense of control over his or her environment. The coefficient that indicates the direct effect of ethnicity on control, Y61, is much larger than its direct effects on achievement values and self-concept (Y41 and _51) in the earlier models. As hypothesized, both types of family socialization appear to operate through lagged effects. Independence training and emphasis on achievement appear to have significant direct effects on achievement at to, but not at tl.
Moreover, the stability coefficient, P73, that indicates the direct effect of achievement from one period to the next is considerably smaller than the earlier estimate of this effect in Model 3. Since measurement error attenuates the relationship between two variables, one might expect the estimate of the stability coefficient for achievement to be greater than the earlier estimate. However, the respecification of the model to include the latent-variable control, as an intervening variable between achievement at time to and tl, apparently results in a significant decrease in the magnitude of this effect. Consequently, there is substantial support for the hypothesis that achievement has a lagged indirect effect on future achievement. The lagged effect of previous achievement on control is much larger than its effect on the two observed measures of control, Y4 and Y5, in the previous model. Control in turn has a much stronger effect on current achievement than selfconcept alone.
The goodness-of-fit measures indicate a good fit to the data. Overall the model accounts for significantly more variance in the observed variables, 0.64, than the previous models. Chi-square is not significant, and the other measures suggest that only marginal improvements in fit are possible.
Inferences from the Model
On the whole, Model 4 seems to be preferable, since it explicitly incorporates measurement error in estimating the structural relations among the "true" variables that characterize the process under investigation. It is obvious from Figure 4 that there are both direct and indirect effects of the variables on one another. For example, control has a direct effect (176) of 0.59. Since the parameters have been standardized, this can be interpreted as follows. The model predicts that on the average an increase of 0.59 SD in achievement test scores will result from a mean increase in students' sense of control over their environment of 1 SD. In contrast, the students' ethnic background has an indirect effect on achievement through control. Anglo-American students on the average score about one half a standard deviation higher on control than Mexican-American students (y61). As noted above, an increase of 1 SD in control results in 0.59 of a standard deviation increase in achievement (P76). Thus, the indirect effect of ethnic background on achievement is 376 times Y61 or 0.31. Results of the analysis suggest that the heightened sense of control over the environment evidenced by AngloAmerican students may account, at least in part, for their higher average score on the achievement test. The sum of the direct effect and all indirect effects of a variable on another variable is called the total effect (Alwin & Hauser, 1975; Anderson, 1978; Anderson & Evans, 1974; Duncan, 1975; Fox, 1980) . Direct, indirect, and total effects of exogenous and endogenous variables on achievement are presented in Table 3 .
Family socialization practices related to the father's educational level are a second major factor that influences student achievement in school. Higher levels of parental education result in significantly more independence training and higher initial levels of student achievement. Both of these factors lead to an increased sense of control on the part of the student and subsequent improvement in performance on the achievement test. Achievement has an important lagged feedback effect on control further amplifying the effect of control on the student's future achievement.
Discussion
With the development of structural equation modeling, social scientists now have powerful general analytical tools for which computer programs are available. However, there is a considerable lag between the development of this methodology and its application to research problems. Most applications that appear in the literature involve one-way relationships among a small number of observed variables and are based on crosssectional data drawn from a single point in time. Parameter estimation usually involves ordinary least squares. In general, the models and the theories on which they are based fail to incorporate reciprocal causation, feedback, and measurement error. This article illustrates the great potential of structural equation modeling techniques for constructing, estimating, and testing complex causal models. Such models can greatly extend the ability of researchers to formulate and test more realistic theoretical propositions involving variables of theoretical interest that cannot be directly observed.
Most of the earlier studies of the effect of family socialization on achievement have been content with the detection of significant relationships rather than formulating and estimating explicit explanatory models. A major purpose of this article has been to demonstrate how structural equation models can be used to examine the nature of the causal relationship between family socialization practices and achievement.
Detection of a causal relationship implies an association between the variables, lack of spuriousness of the relation, and evidence to support the direction of causality. The design of the study will determine how these issues are dealt with in the analysis (Kessler & Greenberg, 1981) . In an experimental design, spuriousness and direction of causality are assessed by randomization and manipulation, respectively.
With cross-sectional data, researchers frequently construct path models such as the recursive structural equation model presented in this article. This model attempted to make explicit hypotheses concerning the causal effects of family socialization on achievement while controlling for variables such as ethnic background, sex, and father's educational level that may cause both of these variables. In this type of analysis, it is important that all variables that influence both family socialization and achievement be introduced explicitly into the model or the parameter estimates will be biased. One problem that this design does not deal with is the direction of causality.
When the possibility of a reciprocal relationship between variables is tenable, a nonrecursive structural model can be constructed to express the mutual dependence of the variables. Model 2 hypotheses a reciprocal causal effect between student self-concept of ability and achievement. When only cross-sectional data are available, these models can only be estimated by imposing stringent assumptions on the model concerning the effects of exogenous variables. This is usually done by assuming that certain exogenous variables have no effect on an endogenous variable. Frequently, theory in the social and behavioral sciences cannot justify such a priori assumptions needed to estimate these models without biasing the parameter estimates.
Panel designs where data are collected from the same individuals at two or more points in time provide a more powerful means of evaluating the direction of causality. Models 3 and 4 illustrate partial panel designs, since repeated measures were only available on one of the central variablesachievement. It is important to keep in mind that, with these models as well as with the earlier ones, assumptions about causal associations must be made before the model parameters are estimated and inferences are drawn. An advantage of the panel design over the cross-sectional design is that alternative assumptions can be made in estimating the parameters of the models. This permits a less ambiguous determination of the direction and relative magnitude of causality between variables measured at two or more points in time.
The unobserved or latent-variable specification employed in Model 4 results in a number of additional analytical advantages. First, disattenuated relations among the variables can be estimated after taking into account random error in the measures. Second, it is possible to conceive of students' sense of control over their environment as an unobserved construct with multiple indicators. Third, in identifying the model, the effect of fixing or constraining certain model parameters on the goodness of fit can be examined. Fourth, latent-variable models allow the researcher to better represent the complex social psychological process involved.
The substantive findings of this investigation are extremely tentative given the limited data available for analysis. A future investigation might employ a panel design to collect data on family socialization practices, student sense of control over their environment, and achievement at three or more points in time. In this study, it was necessary to assume that family socialization practices are relatively stable. Repeated measures of these variables would allow a test of this assumption. Moreover, collection of three or more waves of data would permit far weaker and thus more plausible assumptions to be made in order to identify the model for estimation purposes. Finally, several measures of each of the major variables should be incorporated into future studies. This would permit the investigator to take measurement error into account in estimating the causal relations among the variables.
